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Foreword 
This special volume is devoted to the fast growing field of computability and com- 
plexity in analysis. The theory of computability of functions and relations on the do- 
main of integers and generally on domains of finite strings was developed in the 1930s 
in an effort to understand the incompleteness theorem of GGdel. The great names were 
Church, Kleene, Rosser, Turing, and Post. The concept of computability was refined 
in the late 1960s to reflect bounds on computing resources by Cook and others using 
such notions as polynomial time Turing machines. 
But even in the 1930s there was interest in extending the concepts of computable 
functions and relations from the domain of natural numbers or finite strings to the 
domain of real numbers, and then to function spaces. The domain of real numbers 
is not a domain of finite strings, but rather consists of equivalence classes of infi- 
nite strings (which might be decimal expansions, or Cauchy sequences) relative to a 
suitable equivalence relation. There is no consensus on what should be the “correct” 
computational model for the reals, rather there are different models depending on the 
purpose of the investigation, which are NOT equivalent. Each model has a different 
mathematical or philosophical appeal. Understanding this plethora of models presents 
an intellectual challenge to researchers from logic, mathematics, computer science and 
numerical analysis, presenting many opportunities for new research. 
Some of the theories that have been developed to study computability and complex- 
ity in analysis include intuitionistic analysis (founded by L.E.J. Brouwer), constructive 
analysis (founded by Errett Bishop), recursive analysis (developed by Banach-Mazur 
in Poland before World War II, by Lacombe and Kreisel in France in the 195Os, 
by Shanin and school in Leningrad and the former Soviet Union in the 1960s and 
by Pour El and Richards in the 1970s). We also have type-two effectivity, Scott 
Domain approaches, the reverse mathematics of Simpson and Friedman, the construc- 
tive type theories of Girard and Martin-LGf, turing machine-based complexity theory, 
information-based complexity theory (IBC), real RAM-based complexity theory (BSS) 
and analytic machine-based complexity theory. Each of these theories presents a dif- 
ferent view of numerical computation and has a separate following of readers. The 
goal of this special issue is to collect papers from at least some of these approaches 
in a single volume, so as to give a broad view of this fast-growing area of research. 
There are papers in this collection dealing with foundational issues, with the equiva- 
lence or non-equivalence of computational models, with extensions of these theories to 
more complex computational spaces, and with the analysis of intrinsic computational 
structure. 
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A majority of the articles are expansions of papers presented at the seminar on com- 
putability and complexity in analysis, held at the German Computer Science Center at 
Castle Dagstuhl in Germany in April, 1997. The remaining articles have been submit- 
ted in response to an open call for papers. We thank the authors for their contributions 
and the referees for their careful work and for returning their reviews on time. 
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